Violent offenders with psychopathy present a lifelong pattern of callousness and aggression and fail to benefit from rehabilitation programs. This study presents the first, albeit preliminary, evidence suggesting that some of the structural brain anomalies distinguishing violent offenders with psychopathy may result from physical abuse in childhood.
Introduction
Most violent offenders are males with a history of antisocial behavior that emerged in childhood, as indicated by a diagnosis of antisocial personality disorder (ASPD) (Kratzer and Hodgins, 1999) . Among these men, a subgroup additionally presents the syndrome of psychopathy (ASPDþP), characterized by a lack of empathy, callousness, shallow affect, superficial charm, and manipulation of others (Hare, 2003) . Offenders with ASPDþP begin offending at a younger age, more often engage in instrumental aggression, commit more violent offenses than other offenders, and fail to benefit from rehabilitation programs (Hare, 2003) . Importantly, both phenotypes emerge early in childhood (Frick and Viding, 2009) .
Childhood physical abuse (CPA), defined as physical contact, constraint, or confinement designed to hurt or cause injury (Bremner et al., 2000) , is experienced by many males who become persistent violent offenders (Widom, 1989) and who exhibit psychopathy in adulthood (Gao et al., 2010; Koivisto and Haapasalo, 1996) . CPA has been associated with alterations in gray matter (GM) brain structures in childhood and in adulthood (McCrory et al., 2010) . Alterations in similar structures have been reported in boys with conduct problems (Huebner et al., 2008) and violent offenders with psychopathy (Koenigs et al., 2011) . We recently reported that violent offenders with ASPD þ P displayed reduced GM volumes bilaterally in the anterior rostral prefrontal cortex and temporal poles compared with violent offenders with ASPD without psychopathy (ASPD À P) and healthy non-offenders (Gregory et al., 2012) . The present study examined a sub-sample of these men to determine whether GM differences between ASPD þP and ASPD À P offenders were related to CPA.
Methods
Violent offenders were recruited from probation services in the United Kingdom (UK) and non-offenders from the community (Gregory et al., 2012) . All completed diagnostic interviews and were rated on the Psychopathy ChecklistRevised (PCL-R) (Hare, 2003) . The sub-sample examined in the present study included 13 healthy non-offenders; nine offenders with ASPD and PCL-R scores of 25 or higher, indicative of psychopathy (ASPD þ P); and 15 offenders with ASPD and PCL-R scores less than 25 (ASPD À P). A PCL-R score of 25 or higher was used to identify the syndrome of psychopathy as cross-cultural research has found a generalized suppression of PCL-R scores in European samples that may artificially reduce the prevalence of psychopathy when a cut-off score of 30 is used (Cooke and Michie, 1999) . These 37 men completed detailed interviews with one forensic psychiatrist to assess maltreatment before age 18 using the Early Trauma Inventory (Bremner et al., 2000) . Total scores for physical, sexual, and emotional abuse and general trauma were calculated by summing the frequencies of each item positively endorsed (Bremner et al., 2000) . ASPDþ P, ASPD À P, and non-offender groups did not differ on age or IQ. ASPD þP and ASPD À P offenders had similar rates of substance use disorders (Table 1) .
Scanning was conducted at the Centre for Neuroimaging Sciences, Institute of Psychiatry, London, UK, on a 1.5 T GE Signa Excite MRI scanner as previously described (Gregory et al., 2012) . Participants received a 14-min spoiled gradientrecalled echo high-resolution structural scan. One hundred twenty-four slices of 1.6 mm thickness were acquired (repetition time ¼34 ms, echo time ¼9 ms, flip angle ¼301, field of view¼20 cm). The acquisition matrix measured 256 Â 192.
Demographic and clinical variables were analyzed using analysis of variance (ANOVA) and chi-square tests. PCL-R and abuse data were log-transformed to normalize distributions. Modulated images were analyzed using voxel-based morphometry (VBM) for whole-brain comparisons. VBM is an automated image analysis technique that identifies focal differences in gray or white matter volume Open access under CC BY-NC-ND license.
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between subjects using voxel-wise comparisons of tissue probability (Ashburner and Friston, 2000) . Whole brain group comparisons were performed within the framework of the general linear model using Statistical Parametric Mapping software (SPM5, www.fil.ion.ucl.ac.uk/spm). Initial comparisons included the following three groups: ASPD þ P offenders, ASPD À P offenders, and nonoffenders. Post hoc t-tests (ASPD þ P vs ASPD À P) were modeled within a full factorial design and corrected for non-stationary cluster extent using the VBM5 toolbox (http://dbm.neuro.uni-jena.de/vbm/), with an initial cluster-defining threshold of Z42.4 and a corrected cluster-significance threshold of p ¼0.05. For further details, see Gregory et al. (2012) .
Results
As shown in Table 1 , scores for CPA differed across groups. Post hoc tests revealed that ASPD þ P offenders reported significantly more CPA than ASPD ÀP offenders and non-offenders. Groups also differed on scores for early traumatic events. ASPD þP offenders reported more severe traumatic events than healthy participants but not ASPD À P offenders. There were no group differences in scores for sexual or emotional abuse.
Compared with ASPD À P offenders, the ASPDþ P offenders presented smaller GM volumes in bilateral temporal poles, right uncus, and right lobule VI of the posterior cerebellum (Montreal Neurological Institute coordinates of peak effect: x¼18; y¼ À76; z¼ À35) (Fig. 1A) . Re-running these analyses with CPA as a covariate of no interest showed that compared with ASPD À P offenders, the ASPDþ P offenders displayed reduced volumes only in the right temporal pole and right uncus (Fig. 1B and C) .
Discussion
Consistent with past findings in psychopathy and conduct disorder (Huebner et al., 2008; Koenigs et al., 2011) , violent offenders with ASPD þP showed smaller right temporal pole volumes than those with ASPD À P, even after controlling for CPA. The right temporal pole is implicated in the experience of selfreferential emotions such as shame and embarrassment that foster pro-social behavior and moral learning, thereby promoting healthy socialization (Olson et al., 2007) . These preliminary results suggest that the marked social impairment characteristic of psychopathy could be related to alteration of this structure.
Prior evidence points to reduced left temporal pole and cerebellar volumes in physically maltreated children (De Brito et al., 2013) and adolescents (Edmiston et al., 2011) . In the present study, after controlling for CPA, the initial differences observed in these structures between ASPD þP and ASPD-P offenders disappeared. Lesion and imaging studies suggest that lobule VI cerebellar activation contributes to emotion recognition and empathic responding (Stoodley and Schmahmann, 2009) , processes that are deficient in psychopathy. A possible interpretation of these findings is that CPA may have led to some of the anomalies of brain GM structures previously reported among men with psychopathy.
In addition to GM anomalies common to psychopathy and CPA, alterations in the corpus callosum and uncinate fasciculus have been observed in psychopathy and ASPD with high psychopathic traits (Koenigs et al., 2011) and in adults and children reporting CPA (McCrory et al., 2010) . The preliminary results from this exploratory study, together with previous findings, suggest a testable hypothesis: Early in life, CPA initiates and/or promotes the development of psychopathic traits by altering GM and white matter. Alternatively, the severe conduct problems that accompany psychopathic traits in young children (Frick and Viding, 2009 ) may increase the likelihood of CPA (Trickett and Kuczynski, 1986; Whipple and Webster-Stratton, 1991; Burke et al., 2008) . Prospective, longitudinal investigations are required to test these hypotheses.
While our sample was relatively small and CPA was self-reported, these results are the first to demonstrate differences in GM volumes between two distinct subtypes of violent offenders after taking CPA into account. The abuse histories of the participants were obtained using a clinician-administered interview, which has advantages over questionnaires (Bremner et al., 2000) . Further, retrospective reports of CPA have been found to have relatively good validity (Hardt and Rutter, 2004) . Pathological lying is a symptom of both ASPD and psychopathy, however, and the possibility that some participants were untruthful cannot be excluded. To the best of our knowledge, this is the first neuroimaging investigation of violent offenders that controlled for CPA. Moreover, we are aware of only a handful of structural neuroimaging studies of psychopathy or ASPD that considered the effects of substance misuse on GM structures (Raine et al., 2000; Müller et al., 2008; Glenn et al., 2010; Schiffer et al., 2011; Ermer et al., 2012) . Although the groups in the present study were matched for substance misuse and for age and IQ, it is possible that they differed on other characteristics that influenced the results. This limitation is common to most brain-imaging studies.
